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• Potential Sources
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• Results from IceCube
• Future Prospects
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 IceCube includes about 250 researchers from 39 institutions around the world.
 Prof. Francis Halzen, University of Wisconsin – Madison is the principal investigator and
 Prof. Olga Botner from Uppsala University serves as the collaboration spokesperson.
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Candidate WIMP Accumulators

•Earth (ν-accessible only)
•Capture depends on WIMP velocity distribution

• Only slow, light (Mχ < 50 GeV) WIMPs accessible
•Unlikely to be in capture-annihilation equilibrium 

• Hard to link to physical quantities
•Focus on spin-independent (SI) interactions

•Sun (ν only)
•Wide range of WIMP masses accessible

• WIMP evaporation for Mχ <~ 4 GeV
•ν absorption in sun for Mχ >~ 1 TeV

• In equilibrium (ΓAnn = (1/2)ΓC)
• extract σχ-p

•Access both spin-dependent (SD) and SI interactions
3
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Candidate WIMP Accumulators
•Galactic Center (ν plus γ, antimatter)

• WIMPs collisionless
• Inner halo cusp/core structure not well known: 

• extract <σAnn· v>
• average is over expected WIMP velocity distribution

• or look for spectral lines

•Galactic Halo (ν plus γ, antimatter)
• WIMPs collisionless
• matter density known pretty well

• extract <σAnn· v>

•Dwarf spheroidal galaxies, galaxy clusters (ν plus γ)
• attractively high mass-to-light ratio (dSph’s)

• extract <σAnn· v>
• lots of mass, possible clumpiness
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WIMP→Neutrino Channels

•Consider “extrema” to bracket possible neutrino 
energy spectrum
•Hard channel

• e.g., χχ→W+W-  and  χχ→ τ+τ-

• Average Eν ~ Mχ/3

• Soft Channel
• e.g., χχ→bb
• Average Eν ~ Mχ/6

• Line Search
• χχ→νν
• Eν ~ Mχ

•Search for νµ-induced muons in detector
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Summary of IceCube Searches
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Dwarf spheroidal galaxies
•IceCube-59 limits

Galaxy clusters
•IceCube-59 limits (arXiv:1210.3557 2012)

Local sources: Sun (& Earth)
•IceCube-79 limits (PRL 110 (2013) 131302)

Search for dark matter annihilations to ν at 
Eν from 10 GeV – 10 TeV Galactic Halo

•IceCube-22 limits (PRD 84 (2011) 022004)
•IceCube-79 limits

Galactic Center
•IceCube-40 limits (arXiv:1210.3557 2012)
•IceCube-79 sensitivity

χ

χ

W +,Z ,τ +,b,...→ e ±,ν,γ ,p,D,...

W −,Z ,τ −,b,...→ e ±,ν,γ ,p,D,...

Image: M. Strassler
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The IceCube Detector
•First operating km-scale 

neutrino detector
• ~5000 10” PMTs
• 78 strings:125 m horiz., 17 m vert.

•Originally optimized for TeV-
PeV energies
• now also sensitive to ~10 GeV 

scale with DeepCore in-fill
• 8 in-fill strings mostly 72 m & 7 m

•Sensitive to Mχ from below 
~50 GeV to above ~100 TeV

•Physics-quality data taken with 
partially completed detector
• IC-22, IC-40, IC-59, IC-79

• IC-79 volume is about 1km3 
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Earth WIMPs
•Assumptions/Issues/

Observations
• Assumed velocity 

distribution matters
• Earth is a shallow 

gravitational well 
• Neutrino oscillations 

can be relevant
• “Dark disk” can increase 

earth’s accumulation
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Results and Predicted Sensitivity: Earth WIMPs
•Earth WIMPs

• Dedicated online trigger/filter in place at Pole
• selects vertically upward-going events w/low E threshold

• No “off-source” region: analysis more challenging
• atmospheric neutrinos are main background
• can’t check with data

• AMANDA analysis (published 2006)
• Expected IceCube 10-yr sensitivity overlaid
• Below: With and without “dark disc” assumption
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IceCube Solar WIMP Search

•Solar WIMPs
•extract neutrino sample, vetoing downgoing cosmic ray muons

• sample dominated by atmospheric neutrinos
•maximize efficiency for ~horizontal events

• sun is ±23o from horizon
•striking signature: high energy ν excess from direction of sun
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Solar WIMPs
•Assumptions/Issues/Observations

•In equilibrium: ΓAnn. = (1/2)ΓCap.

•annihilation rate depends only on capture rate, i.e., on 
scattering cross sections

•analyses can place limit on σscatt.
•Daughter neutrinos’ oscillations can be relevant
•Daughter neutrinos’ absorption can be relevant
•No known astrophysical source can mimic neutrino 
signal

11
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IceCube Solar WIMP Search
•Solar WIMPs

•Recent (IC-79) analysis improvements:
• Uses full year’s data, including summer (317 days livetime)
• Uses DeepCore to reach neutrino energies of 10-20 GeV

12

Image: M. Danninger
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IceCube Solar WIMP Search
•Solar WIMPs

•Recent (IC-79) analysis improvements:
• Uses full year’s data, including summer (317 days livetime)
• Uses DeepCore to reach neutrino energies of 10-20 GeV
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Image: M. Danninger

Expected atmospheric 
neutrino flux.

Contained events 
(WinterLow) have lower 
energies than uncontained 
events (WinterHigh):

Probe different Mχ
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IceCube Solar WIMP Search
•Solar WIMPs

•Use shape of distribution 
of space angle (ψ) w.r.t. sun

•Estimate background using 
off-source data

•Systematics include 
• ice properties
• module efficiencies
• ν cross sections
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IceCube Solar WIMP Search
•Solar WIMPs

•Use shape of distribution 
of space angle (ψ) w.r.t. sun

•Estimate background using 
off-source data

•Systematics include 
• ice properties
• module efficiencies
• ν cross sections
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IceCube Solar WIMP Search: Results
•Solar WIMPs

• final sample
• final limits (with expected sensitivity overlaid)

16
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IceCube Solar WIMP Search: Results
•Solar WIMPs

• Final limits

• Most stringent σSD limit for most models (reaches Mχ~20 GeV)
• Complementary to direct detection efforts
• Different (and fewer) astrophysical uncertainties

17
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IceCube Galactic Center & Halo WIMPs
•Assumptions/Issues/
Observations
•Halo: predict ρ(dark matter) 

• N-body simulations
• Gravitational lensing observations
• Models agree at r ~3-30 kpc

•Galactic Center : unknown ρ
• simulations can’t get there
• no direct measurements
• but can still look for excess 

neutrinos therefrom
•Interplay of decay channel and 

neutrino oscillations is relevant

18
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ergy cosmic rays enter the Earth’s upper atmosphere they
produce extended air showers, a part of which includes
high energy pions and kaons. The decay of these mesons
results in a continuous stream of neutrinos and muons.
These are known as atmospheric muons and neutrinos,
and their flux is regulated by the path length and time
the parent particles had in the atmosphere to lose energy
or decay. The resulting neutrino spectrum obeys a power
law with a spectral index of γ ≈ 3.7 [21, 22]. High energy
muons are capable of travelling long distances through
matter before they eventually decay, resulting in a down-
going muon flux at the IceCube detector. In contrast,
neutrinos below 100 TeV can traverse the Earth without
significant absorption losses. To distinguish between a
muon produced from a charged current interaction of a
muon neutrino from those produced in the atmosphere,
we select only tracks that enter the detector from below
the horizon. Given the 22-string detector configuration
(see Fig. 1) for the analysis presented here, the total trig-
ger rate was approximately 550 Hz, dominated by down-
going atmospheric muons. A pre-selection at the South
Pole for up-going reconstructed tracks reduces the data
rate to 20 Hz, which is sent by satellite to be processed
offline.

III. HALO PROFILES AND SIGNAL
EXPECTATIONS

Recent advances in N-body simulations [23] and grav-
itational lensing observations [24] have provided reliable
predictions of the dark matter density distribution in the
Milky Way (MW). While the outer regions of the dark
matter halo of the Milky Way (several kpc away from the
Galactic Center (GC)) are relatively well modelled, the
structure of its central region is still a matter of debate
since it can neither be resolved in simulations, nor di-
rectly measured. Not surprisingly, halo models generally
show very similar behavior at large distances from the
Galactic Center, but differ significantly in their predic-
tions near it. This effect is shown in Fig. 2, where the
dark matter density, ρ(r), predictions from several spher-
ically symmetric halo profiles obtained from N-body sim-
ulations are compared. We show four different distribu-
tion functions which are used in our analysis. Since we
only use neutrinos from the northern sky, the effective
dark matter densities which dominate the analysis are
those between a distance from roughly 4 kpc to 20 kpc
from the Galactic Center. In this range the various halo
profiles are relatively consistent in their description of
the dark matter density. This agreement allows us to
constrain the dark matter self-annihilation cross section
with minimal halo profile dependence.
We use the Einasto [25, 26] and Navarro-Frenk-White

(NFW) [27] profiles as benchmark models, while the
Moore [28], and Kravtsov [29] profiles are applied as ex-
treme cases to estimate the impact of halo model choice
on the result. The Einasto profile is given by:

TABLE I. Summary of the parameters of Eq. 2 used in this
analysis.

Halo Model α β γ rs/kpc ρ(Rsc)/GeV

cm3

NFW 1 3 1 20 0.3

Moore 1.5 3 1.5 28 0.27

Kravtsov 2 3 0.4 10 0.37

ρ(r) = ρ−2 × e
(− 2

α
)
[(

r
r
−2

)α
−1

]

(1)

with α = 0.16 [30], r−2 = 20 kpc, and ρ−2 normalized to
a dark matter density 0.3GeV

cm3 at the solar system’s orbit
in the Galaxy (Rsc = 8.5 kpc). The remaining three
profiles can be described by the following function:

ρ(r) =
ρ0

( r
rs
)γ

[

1 + ( r
rs
)α
](β−γ)/α

, (2)

where the variables (α,β, γ, rs) [31] take different numer-
ical values (listed in Table I) for the three models. The
normalizations are chosen such that the mass contained
within the orbit of the Solar System in the Galaxy pro-
vides the appropriate dark matter contribution to the
local rotational curves, and yields a local dark matter
density ρsc = ρNFW(Rsc) = 0.3GeV

cm3 for the NFW profile.

10
−3

10
−2

10−1

10
0

101

10
2

103

10
−1

10
0

10
1

10
2

ρ 
[
G
e
V
 
c
m
−3
]

r [kpc]

Moore
Einasto

NFW
Kravtsov

FIG. 2. Comparison of the dark matter density distribution,
ρ(r), as a function of distance from the Galactic Center as
described by the Einasto, NFW, Kravtsov, and Moore halo
profiles. The shaded area indicates the region where the pre-
sented analysis is sensitive.

The expected neutrino flux, φν , from dark matter self-
annihilations is proportional to the square of the dark
matter density integrated along the line of sight J(ψ):
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FIG. 3. Differential muon neutrino energy spectrum per an-
nihilation, taking neutrino oscillations into account. In this
example we assume a WIMP mass of 300 GeV and 100%
branching fraction into the corresponding annihilation chan-
nel.

J(ψ) =

∫ lmax

0

ρ2(
√

R2
sc − 2lRsc cosψ + l2)

Rscρ2sc
dl, (3)

where ψ is the angular distance from the Galactic Center
and lmax is the upper limit of the integral, defined as

lmax =
√

(R2
MW − sin2 ψR2

sc) +Rsc cosψ. (4)

We adopt a halo size of RMW = 40 kpc. Contributions
to the expected neutrino flux from beyond this range are
small, and are discussed as part of our systematic studies
on the result in section VI.
The annihilation products are highly model dependent

and we thus study extremes of the possible annihilation
channels assuming a branching ratio of 100% for each of
them in turn. We consider soft neutrino spectra produced
from the annihilation into quarks (bb̄), and hard spectra
as produced by annihilation into W+W− and µ+µ−. In
addition, we consider a neutrino line spectrum (χχ →
νν).
Neutrinos will have undergone extensive mixing

through vacuum oscillations over the distances travelled
across the Galaxy. We determine neutrino flavor oscil-
lations in the long baseline limit [32, 33], adopting val-
ues of sin2 2Θ12 = 0.86, Θ23 maximal (Θ23 # π/4), and
Θ13 # 0. The neutrino fluxes at Earth are then given by:

φνe # φ0νe −
1

4
s2 (5)

and

φντ # φνµ #
1

2
(φ0νµ + φ0ντ ) +

1

8
s2, (6)

where φ0νi is the flux at injection and s2 is defined as
sin2 2Θ12(2φ0νe −φ0νµ −φ0ντ ). Note that the expected flux
for muon and tau neutrinos is equal.
The neutrino energy spectra were produced using

DarkSUSY [34], an advanced numerical software pack-
age for supersymmetric dark matter calculations, and are
shown in Fig. 3.
The differential neutrino flux from the annihilations

of neutralinos of mass mχ in the Galactic halo is given
by [31]:

dφν
dE

=
〈σAv〉

2
J(ψ)

Rscρ2sc
4πm2

χ

dNν

dE
, (7)

where dNν

dE is the differential neutrino multiplicity per
annihilation. Similar to the annihilation cross section,
one can search for signals from decaying dark matter [35]
and constrain the lifetime, τ . For decaying dark matter,
the expected neutrino flux is proportional to the dark
matter density along the line of sight, given by:

Jd(ψ) =

∫ lmax

0

ρ(
√

R2
sc − 2lRsc cosψ + l2)

Rscρsc
dl. (8)

The expected neutrino flux from the dark matter decay
is then:

dφν
dE

=
1

τ
Jd(ψ)

Rscρsc
4πmχ

dNν

dE
. (9)

We use identical halo model parameters in both the
dark matter annihilation and decay analyses. We assume
a smooth halo profile and discuss the effect of substruc-
ture separately.

IV. DATA SELECTION

The search for a clustering of neutrinos to indicate
an astrophysical neutrino source is one of the bench-
mark analyses performed by the IceCube collaboration.
Such a “point source” search relies on muon neutrinos
since the elongated tracks of the muons permit an accu-
rate reconstruction of the neutrino direction. The 22-
string detector configuration has produced a well un-
derstood neutrino candidate sample [36], extracted us-
ing likelihood-based track reconstructions and selecting
tracks from −5◦ to 85◦ in declination. The shape of the
likelihood function around the best-fit value is used to
estimate the angular uncertainty of the reconstructed
track [37], while the number of optical modules in the
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IceCube GC & Halo WIMP Searches
•Galactic Center and Halo

•90% CL limits for several 
annihilation channels (assuming 
100% BRs)

•Early IC-22&40 analyses shown

19
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IceCube GC WIMP Search
•Galactic Center

•Extend previous search, 
adding IC-79 data with 
DeepCore

•Two independent analyses:
•Low energy (Mχ < 300 GeV)
•High energy (Mχ > 300 GeV)

20

Image: M. Danninger
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IceCube GC WIMP Searches
•Galactic Center

•Extend previous search, 
adding IC-79 data with 
DeepCore

•Two independent analyses:
•Low energy (Mχ < 300 GeV)
•High energy (Mχ > 300 GeV)

•“Starting events” sample 
opens up southern sky
•relies on muon vetoing

21
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IceCube GC WIMP Sensitivity
•Galactic Center : 
IC-79 sensitivity
•first time IceCube 
can reach <100 
GeV masses for GC
•4 orders of 

magnitude 
improvement at this 
scale

•unblinding of 
analysis underway

22
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IceCube Halo WIMP Result
•Galactic Halo: 
IC-79 result
•multipole analysis 
focuses on large 
scale anisotropies 
(l<100)

•small halo-model 
dependencies

•results compatible 
with background-
only hypothesis

23
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IceCube Dwarf Galaxy & Cluster WIMP Result
•Dwarf galaxy and 
galaxy clusters: 
IC-59 results
•IC-59 dwarf galaxy 
(stacking analysis)

•IC-59 galaxy 
cluster (point 
source search)

24
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Future Work: IceCube/DeepCore
•IceCube/DeepCore can 
use cascade channel to 
test possible signals in 
PAMELA and Fermi data
•background from 

downward-going neutrino-
induced muons is reduced

•(Highly effective veto 
and low energy 
reconstructions will 
keep muon neutrinos 
competitive, though.) 
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Conclusions
•Neutrinos are sensitive probes for detecting 

dark matter
•Searches for WIMP→ν signatures from 

distinct sources are “self-complementary,” and 
complementary to searches using other 
astrophysical messengers

•Solar WIMP annihilations to neutrinos would 
provide a “smoking gun” signature with 
minimal model assumptions

•Clever new ideas for detection channels and 
sources spur new analyses

• Future detectors with lower energy thresholds 
will probe region of parameter space made 
interesting by direct detection experiments
• See PINGU talk, next.
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PINGU & WIMPs
•PINGU: Precision IceCube Next 
Generation Upgrade
•New IceCube in-fill array, to be proposed 
in fall 2013

•Main physics goal: neutrino mass hierarchy 
with atmospheric neutrinos
•see talk by T. DeYoung 

• 11:00 Weds., Anderson 250

•But also has sensitivity to WIMPs, 
especially at lower WIMP masses

27
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The PINGU Collaboration

Plus: U. Erlangen, U. Manchester, NBI Copenhagen, 
Sungkyunkwan U., U. Tokyo, U. Toronto

28
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PINGU Detector
•Further increase sensor density 

relative to DeepCore
• Baseline geometry has ~40 

additional strings @ 60 DOMs
• IceCube-based technology plus 

R&D modules
• Include new low-E calibration 

devices
• Geometry optimization underway

• Aims:
• Physics program at Ethr ~ few 

GeV
• Neutrino mass hierarchy
• Low mass WIMPs 

(Mχ~10-100 GeV)
• R&D: Cherenkov ring segment 

reco.?
29

40-String Geometry (Top View)
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PINGU Fiducial Volume

•Below Eν ~ 20 GeV, PINGU provides gain in fiducial 
mass relative to the existing low Eν in-fill, DeepCore

30
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PINGU vs. DeepCore
•Simulated event:

•9.3 GeV neutrino
• 4.4 GeV initial cascade
• 4.9 GeV muon

31

DeepCore Only DeepCore + PINGU

•Showing physics hits 
only
• no noise shown, but noise 

is not hard to remove
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Predicted PINGU WIMP Sensitivities

•Solar WIMP 
sensitivity
•PINGU can probe 

interesting WIMP 
mass range

•GC Line sensitivity
•Again, PINGU reaches 

interesting masses 

•N.B. Plots at trigger 
level
•somewhat optimistic
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PINGU Details
•Letter of Intent out in next 1-2 months
•Proposal submissions in fall
•Detector time frame

•Could start full-detector data taking as early as 2019

•Detector cost estimate
•$8-12M startup costs for drill
•$1.25M per string

33



D. Cowen/Penn State IceCube Searches for Neutrinos from Dark Matter

Conclusions
•PINGU can probe solar WIMPs with 
masses as low as 10 GeV

•Surrounding IceCube (and DeepCore) 
modules veto cosmic ray muons, giving 
PINGU access to downward-going 
starting events
•solar WIMPs during austral summer
•galactic center

•If approved, PINGU can be up and 
running in ~6 years

34
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Backup Slides
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IceCube Dwarf Galaxy & Cluster WIMP Results
•Dwarfs

36
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Extended 
sources
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of search 
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J-factors from
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•Galaxy clusters

•Virgo with subclusters
IDM 2012

Carsten Rott Latest IceCube Results

Virgo Cluster (with subclusters)
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Future Results: IceCube

•Perform line search for neutrinos motivated by
•130 GeV gamma ray line discussion
•general principles

• it’s a new way to search

37

Carsten Rott Astroteilchenphysik in Deutschland 2012

130GeV Line

27

Weniger (2011) Su, Finkbeiner (2012) Su, Finkbeiner (2012)

see also:
Vertongen & Weniger, JCAP1105(2011)027; 
Bringmann et al., arXiv:1203.1312
Weniger, arXiv:1204.2797

• Pass 7 data used for these analyses, while Fermi Collaboration line search used 
pass 6 data.

• Astrophysical explanations are difficult to find

• Instrumental effect ? Earth limb data holds the key to resolve this

• Statistical fluctuation ?

Rott, Astroteilchenphysik in Deutschland 2012
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IceCube Results
•WIMP Decay: 
Assumptions
•Dark matter is 
thermal relic and 
unstable

•For them still to be 
here
•τ(χ) > τ(universe) = 

4×1017 s
•Line spectrum from 
χ→νν

38
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FIG. 8. Relative difference in number of events in the on/off–
source region as a function of offset from the nominal posi-
tion. The regions are shifted by 60◦ steps to be centered at
∆RA+ δ. Error bars represent the statistical uncertainty in
the bin. Adjacent bins are correlated, as regions partially
overlap. Note the first bin corresponds to the result obtained
by this analysis. Bins 4-6 are closely related to bins 1-3, as
Non and Noff are swapped in them.

by Li and Ma to compute the significance of an on–source
observation [44]. The significance ξ is defined as

ξ =
Non − ηNoff

η
√
Non +Noff

≈
∆N√
2×Noff

. (13)

Here η is the ratio in exposure, or ratio of the size of the
two regions. For our case of an equally sized on– and
off–source region, η = 1.
Figure 9 shows the obtained exclusion limit compared

to the “natural scale”, for which dark matter candidates
are consistent with being a thermal relic [45, 46]. Larger
cross sections are possible if, for example, dark matter is
produced non-thermally or acquires mass only in the late
universe [47].
Applying the same procedure as that above for the

annihilation cross section, we compute a 90% C.L. lower
limit on the WIMP lifetime, τ , as function of the WIMP
mass, as shown in Fig. 10. We assume a line spectrum,
χ → νν and apply Eq. 9 for the expected neutrino flux.
If dark matter is a thermal relic and unstable, the only
requirement in order for it to be present today is that it
has a lifetime much longer than the age of the Universe
TU & 4× 1017 s.
Our limit calculation assumes smooth, spherically sym-

metric halo models. However, N-body simulations in-
dicate that dark matter in the halo should have some
substructure [50, 51]. While this will have negligible ef-
fects on the expected neutrino flux from dark matter de-
cay, the presence of substructure will enhance the self-
annihilation rate since it is proportional to the square
of the dark matter density. To quantify the average ex-
pected enhancement in the annihilation rate compared
to a smooth dark matter distribution, one can define a
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FIG. 9. (Color online) 90% C.L. upper limit on the dark mat-
ter self annihilation cross section for five different annihilation
channels. Also shown are the natural scale (red dotted line),
for which the WIMP is a thermal relic [45, 46], and unitarity
bound (blue line) [48, 49]. For the limit curves, the central line
is for the Einasto and NFW profiles, while the shaded width
identifies the extrema results from the Moore and Kravtsov
profiles. We consider only smooth halo profiles. The limits
for ττ and µµ overlay, due to their very similar high energy
neutrino spectra.
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FIG. 10. Lower limit on WIMP lifetime τ assuming χ → νν̄
at 90% C.L..

boost factor as a function of the distance from the Galac-
tic Center [52, 53]:

B(r) =

∫

ρ2dV
∫

(ρ̄)2dV
, (14)

where we defined ρ̄ as the mean density of the smooth
halo component. To determine the impact of a boosted
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Dwarf Spheroidals, Galaxy Clusters
•Assumptions/Issues/Observations

•Dwarf galaxies: 
•attractive due to high mass-to-light ratio
•many newly identified by Sloan
•assume profile for dark matter (e.g. NFW*)

•Galaxy clusters:
• factor in presence of substructures

•Neutrinos can probe higher WIMP masses than 
photons
•Effective area for neutrinos increases with neutrino energy

39

*Navarro, Frenk and White, Astrophys. J. 462, 563,(1996)
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Solar WIMPs
•Global SUSY 
analysis with 
IceCube

•Contours show 
1-2σ credible 
regions
• grey regions are 

without IceCube 
data

• colored regions are 
with IceCube (but 
indicate relative 
probability only, not 
goodness of fit)
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Figure 3. As per Fig. 2, but assuming that the detector e↵ective area is boosted by a factor of 100,
in order to make a rough estimate of the impact of the complete IceCube detector on the CMSSM.
Grey contours again correspond to the fit with no IceCube data. Upcoming searches for dark matter
with IceCube will robustly exclude the majority of the focus point region of the CMSSM.

neutrinos from WIMP annihilation in the Sun by the full IceCube detector, using our like-
lihood formalism, we performed a second global fit with a rescaled IceCube e↵ective area.
We multiplied the IC22 e↵ective area by a factor of 100, and kept all other aspects of the
detector as in the 22-string analysis (angular errors, event sample, backgrounds and spectral
response); we refer to this as the ‘IC22⇥ 100’ configuration. Although we employ the actual
simulated 86-string analysis [41] later for model exclusion, using it for a study such as we
describe in this section is not possible, as the 86-string analysis does not contain the requisite
N

chan

information to include spectral information in the likelihood function.
The results of the IC22 ⇥ 100 global fit are shown in Fig. 3. Grey contours again

refer to an identical scan performed without the inclusion of any IceCube data. As is clear
from these results, the sensitivity of something resembling the full IceCube detector to both
spin-independent and spin-dependent WIMP-nucleon interactions should place very strong
constraints on the CMSSM, all but ruling out the majority of the focus-point region. Whilst
this has been shown to already be the case when XENON-100 data is included in the global
fit [57, 58], those constraints are based only on spin-independent scattering, and are therefore
particularly sensitive to the adopted prior on the hadronic matrix elements [101]. If the value
of the pion nuclear sigma term is taken from lattice calculations instead of from experiment,
XENON-100 provides almost no constraint on the focus point region. IceCube should provide
a more complete exclusion of most of the focus-point region than XENON-100, because
both spin-independent and spin-dependent couplings are expected to contribute to the solar
capture rate, and spin-dependent scattering is far less sensitive to hadronic uncertainties than
spin-independent scattering. The full IceCube result will therefore constitute an important
independent verification of the XENON-100 exclusion; if IceCube sees a signal in its 86-string
configuration, this will be a strong indication that the CMSSM is not responsible for dark
matter, or that there is an error in the experimental determination of the pion nuclear sigma
term. Even if there is no signal, IceCube will have a major impact on the parameter space of
less constrained versions of supersymmetry, where the spin-independent and spin-dependent
nuclear scattering cross-sections are not so tightly coupled as in the CMSSM.

The appearance of the narrow region at low m
1/2 and m�0

1

(the well-known CMSSM

light Higgs funnel region) only in the IC22⇥100 scan is not surprising, and can be understood

– 17 –
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Challenges: Event Reconstruction
•The ice could have been 

designed a little better for us.
• Photon scattering and absorption 

lengths are high below 2100 m
• <λeff> ~ 50 m
• <λabs> ~ 150 m

• ...but they vary with depth 
throughout.

• Our simulations must include all 
these variations in as much detail 
as we can measure.

•Be nice to be able to move in 
a calibrated light source next 
to each deployed DOM.  
Instead, use
• muons
• DOM LEDs
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